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Popular beliefs about the influence 
of the full moon on humans exist, 
although no solid evidence has 
so far confirmed these ideas 
[1]. Cajochen et al. [2] recently 
presented fascinating data on 
lunar cycle effects on human sleep. 
However, in a re-analysis of sleep 
electroencephalography (EEG) data 
in three large samples, we were 
unable to replicate their findings. In 
addition, we identified further mostly 
unpublished null findings, suggesting 
that the conflicting results might be 
an example of a publication bias (i.e., 
the file drawer problem). 
In a post hoc analysis of 64 sleep 
nights of 33 healthy volunteers, 
Cajochen et al. [2] found that nights 
recorded around the full moon 
were characterized by a 20 minute 
reduction of total sleep time, reduced 
time spent in sleep stage 4 (S4) as 
well as increased sleep latency and 
rapid eye movement (REM) sleep 
latency. Furthermore, delta activity 
during NonREM (NREM) sleep was 
30% lower in nights around full moon 
compared to nights around new 
moon. Post hoc estimation of effects 
sizes revealed medium to large 
effects of lunar class on these sleep 
parameters (all 2 > .10). As data were 
recorded in a light-controlled sleep 
laboratory setting, this study might be 
the first solid evidence confirming folk 
beliefs regarding lunar influences on 
objective measures of sleep. 
However, the findings by Cajochen 
et al. [2] rely on a small number 
of participants and hence require 
replication. Here we re-analyzed 
three large data sets in search of 
lunar effects on sleep. Data set 1, 
recorded at the Max Planck Institute 
of Psychiatry, Munich, included 
Correspondences 470 sleep EEGs from 366 healthy participants in a light-controlled 
sleep laboratory (see Experimental 
Procedures in Supplemental 
Information, published with this article 
online). Lunar classes were defined 
as previously [2], with lunar class 1 
representing full moon ± 4 nights, 
lunar class 2 covering the waxing and 
waning moon periods (full moon ± 5–9 
nights) and lunar class 3 representing 
new moon (full moon ± 10–14 nights). 
In contrast to the results reported by 
Cajochen et al. [2], we did not find 
any evidence for an influence of lunar 
class on objective sleep parameters 
(all P >0.1, Table 1).
Data set 2 was also recorded in the 
Max Planck Institute of Psychiatry; 
however, in contrast to the first 
sample this data set included 757 
sleep EEGs of 29 volunteers each of 
whom slept for 13–60 consecutive 
nights in the sleep laboratory, i.e. 
across all phases of the lunar cycle. 
Also in this data set we were not able 
to replicate any of the findings by 
Cajochen et al. [2] (Table 1). 
Data set 3 represents a sample 
recruited at the University of Basel. 
It includes sleep EEGs of 870 young, 
healthy volunteers who slept at home. 
Again, there was no indication of a 
significant effect of the lunar cycle on 
sleep variables (Table 1). In addition, 
oscillatory activity during NREM sleep 
did not differ between lunar classes in 
this data set (Figure S1). In particular, no 
effects were observed in the EEG delta 
band as reported by Cajochen et al. [2].
In sum, we were not able to 
replicate the large effects of lunar 
cycle on sleep EEG reported by 
Cajochen et al. [2] in three large 
samples consisting of 470, 757 and 
870 sleep recordings: none of the 
variables that were reported to be 
affected by lunar cycle by Cajochen 
et al. yielded significant results in 
any of our samples. This also holds 
for alternative analyses with outlier 
exclusion and interaction analyses. 
Please note that for other sleep 
variables that were not significant 
in the data of Cajochen et al., some 
small and inconsistent effects and 
interactions with lunar class emerged 
(for details and discussion, see 
Supplemental Discussion). 
Even though exact values of 
power calculations have to be 
interpreted with caution due to 
differences in research designs, in 
our three samples we can exclude the existence of similarly large lunar 
cycle effects as reported by Cajochen 
(e.g., effect sizes 2 >0 .10) with 
high confidence: in the first data 
set, the statistical power to detect 
such effects was above 99%; in the 
second and third data set, we can 
exclude the existence of even smaller 
lunar cycle effects (2 > 0.03) on the 
respective sleep parameters with 99% 
confidence.
The present analysis suggests that 
the significant and consistent lunar 
cycle effects on sleep reported by 
Cajochen et al. [2] might be the result 
of other sources of variance. For 
example, as a post hoc re-analysis 
of an earlier study with a different 
focus, assignment of the subjects to 
lunar classes was not randomized 
for age and sex. These two factors 
had significant main effects on most 
of those sleep variables that also 
showed significant lunar cycle effects. 
However, age and sex were unevenly 
(even though not significantly so) 
distributed across lunar classes in 
the Cajochen et al. [2] data set (e.g., 
almost three times as many older 
subjects in lunar class 1 compared to 
class 3 according to their Table S3). 
In addition, publications of re-
analyses of data already ‘exploited’ 
otherwise are particularly prone 
to publication biases such as the 
‘file drawer problem’ [3]. Besides 
Cajochen et al. [2] and three authors 
of this correspondence (F.W.B., B.R., 
M.D.), several other researchers 
independently from each other had 
also re-analyzed sleep data from 
earlier studies in search of lunar 
cycle effects: while the post hoc 
analysis of 1,145 sleep diaries of 31 
subjects reported similar results as 
Cajochen et al. [4], neither a re-
analysis of 9,778 sleep diary nights 
of 196 subjects [5] nor a re-analysis 
of a sleep diary study additionally 
using actigraphy to assess 5,152 
nights of 391 participants found any 
lunar cycle effects on sleep [6]. Also, 
three prospective studies analyzing 
sleep diaries of cumulatively 6,575 
nights of 147 participants failed to 
find evidence for lunar cycle effects 
on sleep [7–9]. In sum, eight data 
sets with cumulatively 23,600+ nights 
led to negative results, compared to 
two data sets with a total of 1,209 
nights reporting lunar cycle effects 
on sleep. Emphasizing the possibility 
of a file drawer problem, three of the 
studies with negative findings (among 
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Table 1. Sleep parameters for lunar classes 1 (full moon), 2 (waxing/waning moon) and 3 (new moon)  
for three different samples (Munich1, Munich2 and Basel).
Lunar class 1 Lunar class 2 Lunar class 3 Sig. for lunar class
Variable Mean SE Mean SE Mean SE
Munich1  
(n = 470)
n = 153 n = 150 n = 167 F 2, 465 P
TST 415.9 ±3.6 420.7 ±3.5 420.7 ±3.7 .42 .66
WASO 12.5 ±1.0 11.5 ±1.2 11.4 ±1.1 .20 .82
SL2 21.3 ±1.6 19.9 ±1.5 19.7 ±1.5 .61 .55
RL 108.5 ±4.8 98.4 ±3.2 103.0 ±3.6 1.79 .17
Stage 1 9.7 ±0.5 9.6 ±0.4 9.4 ±0.5 .06 .94
Stage 2 52.6 ±0.8 53.3 ±0.7 52.5 ±0.6 .26 .77
Stage 3 9.5 ±0.4 9.1 ±0.3 10.0 ±0.3 2.07 .13
Stage 4 7.6 ±0.6 7.7 ±0.6 8.0 ±0.6 .01 .99
SWS 17.1 ±0.7 16.7 ±0.6 18.0 ±0.7 .69 .50
NREM 69.7 ±0.6 70.1 ±0.5 70.5 ±0.5 .31 .73
REM 20.6 ±0.4 20.4 ±0.4 20.1 ±0.4 .27 .77
Munich2  
(n = 757)
n = 238 n = 260 n = 259 F 2,745 P
TST 440.0 ±2.6 437.7 ±2.4 436.7 ±2.1 1.41 .24
WASO 2.1 ±0.3 1.9 ±0.2 2.6 ±0.3 .89 .41
SL2 14.9 ±1.0 15.2 ±0.8 15.9 ±0.8 .21 .81
RL 78.6 ±2.5 75.8 ±1.9 73.6 ±1.8 .50 .61
Stage 1 6.6 ±0.2 7.0 ±0.2 7.5 ±0.3 .02 .98
Stage 2 48.0 ±0.4 48.2 ±0.5 48.9 ±0.5 .94 .39
Stage 3 10.9 ±0.2 10.8 ±0.2 10.7 ±0.2 2.48 .08
Stage 4 10.9 ±0.4 10.5 ±0.5 9.6 ±0.5 3.05 .05*
SWS 25.6 ±0.5 24.6 ±0.6 23.4 ±0.6 2.37 .09
NREM 60.9 ±1.0 61.4 ±0.9 60.6 ±0.9 2.04 .13
REM 21.9 ±0.3 22.0 ±0.3 21.9 ±0.3 .35 .71
Basel  
(n = 870)
n = 260 n = 291 n = 319 F 2, 863 P
TST 450.1 ±5.0 452.2 ±4.3 453.7 ±4.5 .05 .95
WASO 4.0 ±0.5 3.6 ±0.3 3.4 ±0.3 .72 .49
SL2 20.5 ±1.6 23.7 ±2.1 20.5 ±1.8 1.46 .23
RL 87.6 ±2.6 88.5 ±2.2 87.3 ±2.6 .12 .89
Stage 1 3.4 ±0.1 3.3 ±0.1 3.3 ±0.1 .56 .57
Stage 2 49.5 ±0.5 49.5 ±0.5 49.6 ±0.4 .20 .82
Stage 3 11.3 ±0.3 11.3 ±0.3 11.3 ±0.3 .02 .98
Stage 4 17.1 ±0.4 16.3 ±0.4 16.5 ±0.4 .49 .61
SWS 28.5 ±0.6 27.6 ±0.5 27.8 ±0.5 .31 .74
NREM 77.9 ±0.4 77.1 ±0.3 77.4 ±0.3 1.45 .24
REM 18.7 ±0.3 19.6 ±0.3 19.3 ±0.3 2.47 .09
TST: total sleep time (in minutes); WASO: wake after sleep onset (in percent of TST); SL2: sleep la-
tency to stage 2 (in minutes); RL: REM sleep latency (in minutes), Stage 1–4: sleep stages 1–4 (in per-
cent of TST); SWS: slow wave sleep (sum of stages 3 and 4 in percent of TST); NREM: non-REM sleep 
(sum of stages 2, 3 and 4, in percent of TST), REM: REM sleep (in percent of TST). As indicated by an 
asterisk, sleep stage 4 in the Munich2 sample is the only variable yielding significance for lunar class 
(P = .05). Planned comparisons for this variable revealed a significant increase in stage 4 sleep during 
full moon (lunar class 1) as compared to new moon (lunar class 3, P = 0.04), which is opposite to the 
result reported by Cajochen et al. [2]. None of the other planned comparisons for sleep parameters 
reported to be influenced by lunar cycle  (TST, SL2, RL, stage 4, see [2]) were significant. For further 
analyses see Supplemental Information. them the two largest samples) have 
never been published as full journal 
papers. However, we do not know 
how many more sleep researchers 
have already screened their sleep 
EEG data for lunar cycle influences 
without publishing their results. Thus, 
we would like to encourage others 
to report their findings. However, to 
overcome the obvious limitations of 
retrospective data analyses, carefully controlled studies specifically 
designed to address the question of 
lunar cycle influences on sleep using 
a within-subjects design in large 
samples are required for a definite 
answer.
Supplemental Information
Supplemental Information includes 
experimental procedures, one figure and 
one table and can be found with this article online at http://dx.doi.org/10.1016/
j.cub.2014.05.017.
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